In this paper we present evidence that short-lived bursts of energetic neutral atoms ( 
Introduction
Energetic neutral atoms (ENAs) are generated when an energetic ion interacts with a cold, neutral, geocoronal particle in a charge exchange reaction. During charge exchange an electron is transfeted from the cold geocoronal particle to the hot ion, generating an energetic neutral atom and a cold ion. The charge exchange process preserves the momentum of the ion, and therefore the energetic neutral will contain information about the pitch angle and energy of the original ion. The ENA will then travel in a straight line from the point where it was generated. This later property allows the ENA source region to be imaged through their remote detection. The earliest associations of ENAs with ring current activity was published by Moritz [1972] , who suggested that short-lived populations of energetic particles at low altitude were created through charge exchange with oxygen of ENAs created in the ring current region. Mizera and Blake [1973] were able to corroborate this by extending measurements down to 12.4 keV, well below the lower-energy threshold of 250 keV of Moritz [1972] , and showing that the spectrum of the low-altitude population was consistent with a ring current source through charge exchange.
Direct measurements of ENAs were first reported by Hovestadt and $choler [1976] . They suggested that highly anisotropic energetic hydrogen measurements were observations of ENAs generated by charge exchange of ring current particles with the tenuous hydrogen geocorona. The first comparison of direct ENA measurements with ring current activity was made by Roelof et al. [1985] . They analyzed ENA measurements from IMP 7/8 and ISEE i and demonstrated, using The first ENA image of a storm time ring current was published by Roelof [1987] . More recently, Lui et al. [1996] have reported on the first direct compo- ENA response owing to the much shorter timescales. Most importantly, though, is that the enhancement of hot ions in the inner magnetosphere is an established part of substorms, and therefore we should expect that substorms will generate a burst of ENAs. What was not known prior to the launch of Polar, however, was how intense these substorm ENAs were, and whether it would be possible to measure them with any current or planned instrumentation.
In this paper we will adopt the nomenclature of ENA "burst" for any Polar ENA signal that is too short-lived to be associated with build up and decay of the ring current. A burst is defined to be any ENA signal that lasts < 6 hours. In practice, observed bursts tend to last of the order 2 hours or less. First, we establish the intrinsic statistical properties of the ENA bursts; then we correlate them with classic substorm signatures. We conclude that •90% of the ENA bursts are associated with classic substorms.
Data Set
The IPS instrument was designed to measure ener- In this paper we study particularly the onset characteristics of the short-lived ENA bursts. It is very important to note that we selected the ENA burst intervals only using the IPS ENA data. Any subsequent comparison of these data, described next, with other coincident substorm indicators is thus accomplished without any selection bias.
Analysis
Because of the difficulty of writing an automatic procedure for identifying ENA bursts, we browsed our data and manually selected ENA bursts. To facilitate this analysis, a special summary plot format was created to enhance the relatively low count rate ENAs (see Plate lb). The summary plots have a logarithmic color scale ranging from 0.5 to 10 counts/s per pixel, the range of count rates most typically observed in these ENA bursts. As with storm time ENAs, the Polar IPS can unambiguously measure ENA bursts only when the ion foreground is inherently low. These intervals occur primarily at times close to apogee and for a brief time near perigee when Polar traverses the high-latitude lobe regions. Nevertheless, when in these regions, there exists a weak background due both to cosmic rays and weak ion fluxes that is removed before plotting. In most cases, both of these sources can be treated as isotropic. In contrast, the ENA fluxes come predominantly from regions close to the Earth and are thus inherently anisotropic. The background non-ENA count rate was taken to be the median count rate over all pixels at a given time. This isotropic background was then subtracted from the data before plotting it in the summary plot format (Plate lb).
The format of the summary plot is as follows. As mentioned before, the two spin-aligned look directions are omitted from this analysis because when Polar is in a favorable location for observing ENAs, they rarely look in the right directions for observing them. The remaining seven look directions were plotted in the summary plot in separate panels. Figure 2) , and searched it for substorm signatures. We defined a substorm signature to be a sharp negative turning of AL. We measured the time at which the negative turning occurred (with a typical accuracy of 15 min), as well as the size of the drop in nanoteslas. Finally, we identified Pi2 onsets surrounding the measured ENA onsets using the three components of the Kakioka magnetic field data.
We looked for polarized power within 4-30 rain of the ENA onset, and defined a Pi2 onset as having polarized power 2 standard deviations above the average for that interval, with a minimum amplitude of 0.2 nT. In Figure 3 we show the raw and Pi2 bandpass filtered data from the Kakioka magnetometer. Onset time was calculated using the method described above.
Results and Discussion
During the 1-year study period October 8, 1996, to October 7, 1997, we found a total of 141 clear ENA burst onsets. Since the orbit of Polar is not synchro- Figure 6 shows the UT distribution of ENA bursts that did (solid) and did not (dotted) It can be seen that the chance of detecting an AL onset is larger between 0000 and 1200 UT than between 1200 and 2400 UT.
have an associated Pi2 onset. Table 2 
